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ABSTRACT
We use the perturbative QCD methods of Lepage and Brodsky to calculate
the rate for B¯s → ρKS, with an eye toward the CP violating unitarity triangle
angle γ. We show that , although the penguins are large, there are regions
of the allowed parameter space of the Cabibbo-Kobayashi-Maskawa mixing
matrix wherein γ is measurable in the sense that penguins change the value
of sin(2γ) one would extract from the attendant time dependent asymmetry
measurement by less than 29%, so that a 3σ measurement of sin(2γ) as being
different from 0 is allowed by the corresponding theoretical uncertainty. This
would establish CP violation in Bs decays. The rates which we find tend to
favour the type of luminosities now envisioned for hadron-based B-factories.
∗Research supported in part by the US DoE ,grant DE-FG05-91ER40627 and contract
DE-AC03-76SF00515.
Now that there are two asymmetric e+e− colliding beam B-Factories, the
SLAC-LBL-LLNL and KEK Asymmetric B-Factories, as well as several other
B-Factory type machines, such as HERA-B, the CESR upgrade, and the Teva-
tron upgrade, for example, under construction, the systematic exploitation of
these machines for CP violation studies is not far away. To realize the true
potential of these studies, it is important that the complete set of Standard
Model CP violation parameters for the B-system be explored, if it is at all
possible. In particular, this means that all CP violating angles α, β and γ of
the unitarity triangle should be measured ,where we use the notation of [1]
for these angles. The angle β is the ”gold plated” angle of the triangle, as it
will be presumably the most readily measurable of the three angles, via the
modes B → Ψ/JKS,Ψ/JK∗+. It (β) is in fact used to specify the minimal
requirements for the B-Factory machine and detector system to be successful.
(Here, K∗+ denotes the CP + neutral K∗ meson.) Accordingly, the B decay
modes needed for measurement of the angles α and γ must also be identified
and assessed. In this connection, the mode B¯0s → ρ + KS is worthy of some
attention; for, were it not for the possible contamination from penguins, this
mode would be a candidate mode for the measurement of γ [1]. Indeed, the
potential contamination from penguins is just as substantial as it is for the
mode B¯ → π0π0 in connection with the measurement of α, for which the au-
thors [2] have devised isospin methods to combine the measurements of the
modes B → π+π−, π0π0 and B+ → π+π0 to extract α independent of the
size of the penguin contamination– the main experimental problem of course
is the measurement of the π0π0 mode. It is desirable to address these pen-
guin CP violation pollution effects from a dynamical approach which aims to
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quantify them directly, thereby isolating just where a measurement may still
be made, in view of the available parameter space in the respective Cabibbo-
Kobayashi-Maskawa mixing matrix. Indeed, in a recent paper [3], we analysed
the theoretical expectations for the size of these penguins in the basic mode
B¯ → π+π− as well as in the companion mode B¯ → π0π0. We have found that,
in a large region of the parameter space, the Asymmetric B-Factory devices at
SLAC and KEK will be able to extract the fundamental CP violating angle α
without depending on the penguin trapping methods in Ref. [2]. The natural
question to ask is whether an analogous region exists in the case of the mea-
surement of the angle γ in the Bs → ρKS decay? It is this question that we
address in the following theoretical development.
Specifically, we will use the approach of Lepage and Brodsky [4], as it is
represented in our analysis of D → π+π−, K+K− in Ref. [5]. In this realiza-
tion of perturbative QCD for hard exclusive processes, as we shall illustrate
explicitly below, the exclusive amplitude is represented as a convolution of a
hard scattering kernel (referred to as TH in Ref. [4]) with distribution ampli-
tudes that sum the respective large QCD collinear logarithms associated with
radiation from the external legs of the constituent partons. These distribution
amplitudes therefore obey a rigorous QCD evolution equation derived from
QCD perturbation theory in Ref. [4]. We refer to this representation of hard
exclusive hadron processes as the Lepage-Brodsky method. It was already
formulated in Ref. [6] in the context of the exclusive two-body B decays to
light mesons of the type of interest to us here. See also Refs. [7, 8] for further
illustrations of the method we shall use. As we explain in Ref. [3], we expect
the accuracy of our methods as used here to be at least as accurate as the 25%
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accuracy determined in the work in Ref. [5]. We present both the absolute
decay rates and the ratio of branching ratios corresponding to such rates, with
and without the penguins included in the respective calculations. In this way,
we expect to minimise the sensitivity of of our results to the uncertainty of the
normalisation of the distribution amplitudes which we do use. Indeed, in the
respective CP asymmetry parameter sin(2γ) analysis, we compute its appar-
ent shift away from its expected value in the absence of penguins in ratio to
that expected value, ∆ sin(2γ)/ sin(2γ). We refer to this shift as the penguin
shift of sin(2γ). The analog of this shift plus unity was already introduced
in Ref. [9] in the study of the time-dependent CP-violating asymmetry in the
π+π− decay mode. We will exhibit a formula for the penguin shift of sin(2γ)
here for definiteness in complete analogy with what we have already published
in Ref. [3] for the corresponding shift of the analogous CP violating asymmetry
parameter sin(2α) for the π+π− decay mode. Evidently, the normalisation of
our distribution amplitudes also drops out of the penguin shift of sin(2γ).
Concerning the Cabibbo-Kobayashi-Maskawa (CKM) matrix itself, we fol-
low the conventions of Gilman and Kleinknecht in Ref. [10] for the CP-violating
phase δ13 ≡ δ and in view of the current limits on it we consider the entire
range 0 ≤ δ ≤ 2π. For the CKM matrix parameters Vtd and Vub we also
consider their extremal values from Ref. [10] (the Particle Data Group (PDG)
compilation). To parametrise these extremes, we use the notation defined in
Ref. [11] for |Vub/Vcb| in terms of the parameter Rb = .385 ± .166 [10]. All
other CKM matrix element parameters are taken at their central values [10].
We should emphasise that the decay under study here is not the only way
3
to study the CP-violating angle γ. Indeed, due to the very small rates which
we shall find, it will be seen that the most appropriate machine to pursue the
mode under discussion here is a hadron collider type B-factory device. As
shown in Refs. [1, 11, 12], the e+e− colliding beam type B-factory device can
approach γ from other decay mode avenues.
We further emphasise that it is possible to use the methods of Lepage and
Brodsky [4] ,as they are represented in the analyses in Refs. [3, 5], to address
both the concept of colour suppression for the B¯s → ρKS decay as well as the
size of the penguin pollution in its CP violating phase structure as described
above. We will take advantage of this opportunity to get a quantitative es-
timate of the colour suppression effect in this decay under study here. In
practice, what this will mean is that, in addition to computing our branching
ratio (BR) for the decay with and without penguins included, we will also
compute it with and without gluon exchange between the would-be spectator
s¯ and the qq¯ lines of the outgoing ρ. Again, we will focus on the respective
ratios of BR’s to avoid sensitivity to the uncertainty in the normalisation of
our distribution amplitudes. Such an estimate of colour suppression has not
appeared elsewhere.
Specifically, we note that the QCD corrections to the weak interaction La-
grangian will be represented via the QCD corrected effective weak interaction
Hamiltonian Heff as it is defined in Ref. [11]
Heff = GF√
2
[∑
j=u,c
V ∗jqVjb
{
2∑
k=1
Qjqk C˜k(µ) +
10∑
k=3
QqkC˜k(µ)
}]
+ h.c. (1)
where the Wilson coefficients C˜i and operators Qk are as given in Ref. [11],
GF is Fermi’s constant, µ is is the renormalization scale and is of O(mb) and
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Figure 1: The process B¯s → ρ + KS. The four–momenta are indicated in
the standard manner: PA is the four–momentum of A for all A.To leading
order in the perturbative QCD expansion defined by Lepage and Brodsky
in Ref. [4], the two graphs shown are the only ones that contribute in the
dominant contribution as isolated by the methods of Ref. [6] when penguins
and colour exchange between the outgoing ρ partons and the outgoing KS
partons are ignored. The remaining graphs in which the gluon G is exchanged
between the would-be spectator s¯ and the remaining ρ parton lines as well as
the penguin type graphs are shown in Figs. 2 and 3, where we see that, for
QCD penguins, there is the added possibility that the gluon G interacts with
the penguin gluon itself of course.
here q = s. The application of this effective weak interaction Hamiltonian
to our process B¯s → ρKS then proceeds according to the realization of the
Lepage-Brodsky expansion as described in Ref. [6]. This leads to the “domi-
nant” contribution in which the ρ is interpolated into the operator O2 = Q1
in Heff via the factorised current matrix element < ρ|u¯(0)γµPLu(0)|0 >,
PL ≡ 12(1 − γ5) so that the respective remaining current in O2 = Q1 is re-
sponsible for the B¯s to KS transition shown in Fig.1. We refer to this con-
tribution as the “Tree” contribution. The complete amplitude for the process
under study here, B¯s → ρKS, is given by the sum of the graphs in Fig. 1
and those in Figs. 2 and 3, to leading order in the Lepage-Brodsky expan-
sion defined in Ref. [4] and realized according to the prescription in Ref. [6].
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Figure 2: The colour exchange graphs for the process B¯s → ρ+KS to leading
order in the Lepage-Brodsky expansion in Ref. [4, 6], ignoring penguins. The
kinematics is as defined in Fig. 1.
In Fig. 2, we show the graphs in which colour is exchanged between the
would-be spectator s¯ in Fig. 1 and the outgoing ρ parton lines and in Fig. 3
we show the respective penguin graphs: the dominant graphs according to
the prescription in Ref. [6] (3a,3b), the colour exchange graphs (3c,3d), and
the exchange of the hard gluon G between the would-be spectator s¯ and the
penguin gluon itself for QCD penguins, (3e), which we also will classify as
colour exchange. To address the issue of factorisation/colour-suppression, we
shall present results when graphs in Figs. 2 and 3c-3e are dropped and when
they are included. We thus give results for the approximations in which only
the graphs in Fig. 1 are included (Tree), in which the graphs in Figs. 1, 3a
and 3b are included (Tree+Penguin), in which the graphs in Figs. 1,2,3a and
3b are included (Tree+Penguin+Tree Colour Exchange(CET )), and in which
all graphs in Figs. 1,2,3a-3e are included (Tree+Penguin+Tree and Penguin
Colour Exchange(CET+P )). For the electroweak (EW) penguins, there is no
penguin gluon with which the would-be spectator s¯ could interact. We need
to stress that, as shown in Ref. [6], the usual QCD factorisation properties for
exclusive amplitudes at large momentum transfer are sufficient to justify the
6
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Figure 3: The penguin graphs for the process B¯s → ρ+KS, to leading order
in the Lepage-Brodsky expansion defined in Ref. [4, 6]. The kinematics is as
defined in Fig. 1.
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formulation of our amplitude according to the graphs in Figs. 1-3. More phe-
nomenological arguments, such as the current field identity based BSW model
in Ref. [13], etc., which would lead to the same graphs, are not needed.
Some discussion of the effective values of the coefficients C1 = C˜2, C2 = C˜1
in relation to the coefficients a1 and a2 as defined in Ref. [13] is now appropriate.
Following Ref. [13] and the recent results in Ref. [14], when we use the standard
QCD to calculate the diagrams in Fig. 1 and take them alone as our result (
this is our definition of factorisation) , we use a2 ∼= .24 ∼= |C2(mb)| and when
we assess the colour-suppression effect by including the exchange of G between
the s¯ and the qq¯ of the ρ we set C1(mb) ∼= 1.1; these results are consistent with
those found in Ref. [14]. We note that the naive relation a2 ∼= C2+ 13C1 ∼= .127
would give a value for a2 that is about a factor of two smaller than what
is found in Refs. [13, 14] and the references therein. The parameters a1, a2
are therefore purely phenomenological properties of the hard effective weak
interaction process and can be taken from experiment in our analysis: one
may view a2, for example, as the effective value of C2 +
1
3
C1 when the current
field identity is used to interpolate the ρ into our effective weak interaction
vertex. The Lepage-Brodsky formalism then allows us to calculate the recoil
corrections associated with the momentum transfer required for the would-be
spectator to be kicked from the Bs to the final outgoing KS using perturbative
QCD to describe the respective hard gluon exchange, as we noted above. This
“kick” is the defining aspect of our calculation of B¯s → ρKS in comparison to
those in Refs. [15] and in fact in comparison to the related two body B decay
analyses in Refs. [16]. The point is the following. As one can see from the
results in Refs. [3, 5, 8], contrary to what happens in the tree level part of the
8
calculations in Refs. [15,16], the graph in Fig. 1a in which the hard gluon kick
to the spectator comes from the b-quark line (the heavy quark line) develops
an imaginary part that is treated rigorously in our work so that there is a
non-trivial strong phase for our “tree level” contribution compared to those
in Refs. [15, 16]. This happens because, as mB > mb + ms where mq are
evaluated at the scale ∼ mB, the heavy quark line can reach its perturbative
QCD mass shell in the graph in Fig. 1a, and in the similar graphs in Figs. 2 and
3. Evidently, this effect is missing in the results in Refs. [15, 16]. Any serious
discussion of the CP asymmetries in the amplitudes for exclusive two-body B
decays must take this strong phase into account in general (it is different for
Tree and Penguin contributions for example) as one can see from our formula
for time-dependent asymmetry in B¯s → ρKS below. Our paper is the first
paper to do this systematically.
Here, we should also comment on the recent results of Ref. [17] on the
process B → ππ. The authors in Ref. [17] use the same Feynman diagrams,
analogous to those in Figs. 1-3 here, as we have shown already in Ref. [3]
and same Lepage-Brodsky expansion formalism except that they assume the
graphs analogous to those in Fig. 1 are to be replaced by a real form factor
with the appropriate external wave function/decay constant factors. The usual
corrections to the diagrams in Fig. 1 are then represented as a power series
in αs times this assumed real form factor. We do not make such an assump-
tion; we calculate systematically in the Lepage-Brodsky expansion. A major
difference is that the authors in Ref. [17] miss the recoil phase of the dominant
contribution in the analog of Fig. 1 for the B → ππ process, although they
do calculate the recoil phase in the respective analogs of Figs. 2 and 3. To
9
see what effect this has, we note that, from our Eq.(5) in Ref. [3], we get the
direct CP violation result [18] for the B¯ → ππ process as
−0.0086 < AdirCP < 0, for γ ∈ (0, π)
−0.0086 < AdirCP < −0.0050, for
3π
4
≥ γ ≥ π
4
, (2)
with AdirCP monotone decreasing in the second currently preferred [1] region of
γ for pi
4
≤ γ ≤ 1.806 and monotone increasing for 1.806 ≤ γ ≤ 3pi
4
, whereas in
Ref. [17] this asymmetry is predicted to be −4%×sin γ. Evidently, experiment
will soon be able to distinguish between the two approaches. See Ref. [19] for
further discussion of this and related matters.
In this way, using the methods of Ref. [4] we evaluate the graphs illus-
trated in Fig. 1-3 and arrive at the results in Table 1 and in Fig. 4 ( the
explicit expressions for the respective amplitudes may be inferred from those
for the process B¯ → ππ given in Eq.(1) and in Eqs.(A1-A4) in Ref. [3] via the
appropriate substitutions of momenta and distribution amplitudes; for exam-
ple, for the factor FN in (A1)in Ref. [3] we would now have its form obtained
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by the substitutions
a1 → a2
√
2fpiPpi−α → fρmρǫ(Pρ)α√
3fpi
2
y1y2 →
√
3fK
2
√
2
y1y2(1 + 3β
′
K(y2 − y1))
Ppi+ → PKS
mu → md
mpi → mKS
4x22y2E
2
pi+m
2
B → q2[(Pd + q)2 −m2d + iǫ]
(−2x2y2Epi+mB)(y1m2B −m2b + iǫ)→ q2[(Pb − q)2 −m2b + iǫ]
(3)
wherein q = P ′s¯ − Ps¯, Pf , f = b, s¯ is 4-momentum of f in the B¯s in Fig. 1
and Pd, P
′
s¯ are the 4-momentum of d, s¯ respectively in the KS in Fig. 1, so
that we have Ps¯ ∼= x2PB¯s and P ′s¯ ∼= y2PKS , for example, and β ′K ∼= .418 is the
asymmetry parameter in the Lepage-Brodsky distribution amplitude for the
KS as determined in Ref. [20] and evolved to the scale mB. We use fK ∼= 0.112.
In this regard, we further note that the Lepage-Brodsky distribution amplitude
for the ρ in the analog of Eq.(A4) in Ref. [3] for the process under study here
would substitute
√
3fρmρ 6ǫ(Pρ)z1z2(1.348− 1.74z1 + 1.74z21) for
√
3fpiz1z2γ5( 6P ′pio+mpi) for example by the standard methods, where we use the
Chernyak-Zhitnitsky (C-Z) type result [21] for the ρ distribution amplitude
in analogy with our discussion in the Notes Added in Ref. [3]. Here, ǫ(Pρ)
and fρ are the respective ρ polarisation 4-vector and decay constant with
fρ ∼= .14GeV . The B¯s distribution amplitude is taken in complete analogy
with the B¯d in Ref. [3], so that it is given by aBφB(w1, w2)/
√
2Nc = aBδ(w2−
11
x2)/
√
2Nc where Nc = 3 is the number of colours, aB = fBs/
√
4Nc and x2 ∼=
0.0542 is determined, as we present in our Appendix, following the treatment
of heavy mesons in Ref. [4] using potential model parameters such as those
in Ref. [22]. Finally, note that the quark masses mq are the running current
quark masses [23]). For completeness, the complete result for the amplitude
corresponding to the graphs shown in Figs. 1-3 is given in the Appendix.
Moreover, the precise definition of the penguin shift ∆ sin(2γ) is given by the
following generalisation to our process B¯s → ρKS of the formula of Gronau in
Ref. [9] for the corresponding shift of sin(2α) due to penguins in the B¯d → ππ
process
− sin(2γ)−∆(sin(2γ)) ≡ ℑλ1
2
(1 + |λ|2) (4)
for
λ =
AT e
−iφT+iδT +
∑
j APje
−iφPj+iδPj
AT e+iφT+iδT +
∑
j APje
+iφPj+iδPj
, (5)
where the amplitude AT e
−iφT+iδT corresponds to the tree-level weak processes
in Figs. 1 and 2 and the amplitudes APje
−iφPj+iδPj correspond to the respective
penguin processes in Fig. 3. Here, we identify the weak phases of the respective
amplitudes as φr, r = T, Pj and the attendant strong phases as δr, r = T, Pj .
In general, j = 1, 2 distinguishes the electric and magnetic penguins when this
is required, as one can see in our Appendix. In this notation, we have γ ≡ φT .
From the results in Table 1, and their ratios with one another, we see that the
colour suppression idea does not really hold for this decay. We see, as already
anticipated by several authors [1], that the penguins are indeed important.
Penguin Shift of sin(2γ)
1.000 2.000 3.000 4.000 5.000 6.000
−1.000
−0.500
0.000
0.500
1.000
Figure 4: Penguin shift of the CP asymmetry sin(2γ) in B¯s → ρKS for
Rb = 0.385 for the matrix element approximation corresponding to the last
column in Table 1. The analogous plots for the ±1σ values of Rb are discussed
in the text.
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BR(B¯ → ρKs)/((fBs/.141GeV )2)
Tree Tree+ Penguin Tree+ Penguin+ CET Tree+ Penguin+ CET+P
Rb 10
−8
0.220 0.0352 [0.0296, 0.0875] [0.0111, 0.823] [0.000205, 0.646]
0.385 0.108 [0.0158, 0.117] [0.236, 1.66] [0.0805, 1.21]
0.551 0.221 [0.00624, 0.151] [0.752, 2.79] [0.338, 1.95]
Table 1: BR for B¯s → ρKS as a function of Rb as defined in the text. The
factorised approximation without penguin effects is denoted as Tree; the corre-
sponding results with the penguin effects (both EW and QCD penguins) included
are denoted by Tree + Penguin; the results corresponding to the inclusion of
the gluon exchange between the uu¯ in the ρ and the s¯ would-be spectator are
denoted by Tree+Penguin+CET ; and, when the gluon exchanges between the
s¯ would-be spectator and the outgoing dd¯ of the ρ and the penguin gluon itself
are included, we denote the result by Tree + Penguin + CET+P . All results
are given with a factor of (fBs/.141GeV )
2 × 10−8 removed for a total width
Γ(Bs → all) = 4.085× 10−13GeV and for the variation 0.0 ≤ δ13 ≤ 2π.
There is a regime, 0.0o ≤ γ . 40.5o, 102.5o . γ . 157.9o, for the central
value of Rb for example, wherein the shift of sin(2γ) is less than 29% of its
magnitude so that it would be measurable in this regime if the luminosity
is large enough to provide a sufficient number of events. By measurable, we
mean that a 3σ result for its value is not blocked by the uncertainty from
penguins. We define this regime in which |∆sin(γ)/ sin(γ)| is less than 0.29 as
the measurability regime. Approximately 34% of this regime of measurability
intersects the allowed region given by the limits on γ discussed in Ref. [1],
135o & γ & 45o. We need to stress the following. When the pollution in
the sin(2γ) is . | sin(2γ)|, a 15 − 20% accuracy calculation of the pollution
is sufficient – when we have as well |∆(sin(2γ))| < .29| sin(2γ)| sin(2γ) is
directly measurable; when .29| sin(2γ)| < |∆(sin(2γ))| . | sin(2γ)|, we measure
a quantity from which we can extract sin(2γ) with 20% theoretical precision
so that sin(2γ) can still be extracted. However, when the pollution is itself
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dominant and sin(2γ) is∼ 20% of it, a 20% accuracy knowledge of the pollution
will not permit the extraction of sin(2γ). Thus, for a given precision on the
pollution, depending on the relative size of the pollution and sin(2γ), one has
these three regions and one of these is exactly that addressed as our regime
of measurability, one wherein sin(2γ) is measurable. (For the ±1σ deviations
of Rb, the measurability regimes are qualitatively similar in size and location,
with the exception that the lower regime is absent for the −1σ deviation case.
So, we do not show these ±1σ deviation measurability regimes separately here–
see Ref. [19] for the corresponding plots analogous to that in Fig. 4.)
The question naturally arises as to the sensitivity of our regime of measur-
ability to the parameters in our calculation. We now turn to this. Since the
penguin shifts plotted in Fig. 4 are determined from amplitude ratios, they do
not depend on the normalisations of the distribution amplitudes, or the hard
recoil gluon exchange coupling in Figs. 1-3. What they do depend on are the
relative strengths of the leading and non-leading Gegenbauer coefficients [4]
in the distribution amplitudes, the relative strengths of the penguin and non-
penguin operators in the effective weak Hamiltonian ( a2 and the value of αs
in our one-loop penguins), the quark running masses and the light-cone frac-
tion x2 of the s¯ in the Bs as determined by the Cornell model of B mesons.
We have varied all of these parameters systematically as currently allowed by
the 1σ limits on them when they are taken from data or theory together with
data [19]. We find that the first part of the regime of measurability varies from
[0o, 19o] to [0o, 58o]. Thus, it may even be true that some of the allowed regime,
45o . γ . 135, overlaps this first part of our regime of measurability. The
most important aspect of this variation is that most of it is due to changing the
15
value of the running b-quark mass by just ±3.5% and by varying the value of
a2 between .14 and .34 (for reference, the variation in αs is just that generated
by the 1σ variation of ΛQCD (see the following), the variations of the non-
leading Gegenbauer coefficients are the 1σ variations as determined from their
extraction from data in Refs. [20, 21], the 1σ variations of the running quark
masses are as given in Ref. [23] and the methods therein , and the variation of
x2, between 0.041 and 0.071, is as given by the parameter variations allowed
in Refs. [22] – see Ref. [19] for further details). If we do not vary these two
measurable parameters, then the first part of our measurability regime only
varies between [0o, 35o] to [0o, 47o], i.e., it is robust to the remaining parame-
ters in our calculation. In the actual precision hadron B-factory environment,
we can expect that both mb and a2 will be known much better than we know
them currently from comparison with data, either experimental or theoretical
(lattice) data. The current large sensitivity to mb and a2 of the upper bound-
ary on the first part of our regime of measurability is mainly academic because
this regime is already outside the preferred region of γ and the variations we
see with mb, a2 still leave most of this first part outside the preferred region.
The second part of our regime of measurability begins at 102.5o and ends at
157.9o. Upon variation of our fundamental parameters as we described above,
the beginning point varies between [98.2o, 105.50] and the ending point varies
between [138o, 1800] , so that the preferred region of γ which overlaps the sec-
ond and most important part of our regime of measurability, [102.5o, 135o] is
only changed by +3.0−4.3 degrees by the current uncertainties in our fundamental
parameters. Again, if we do not vary a2 and mb, this already small effect is
reduced significantly. We thus have a robust prediction that γ is measurable
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in the regime [102.5o, 135o].
Recently, several authors [24] have argued that current data actually prefer
the regime 36◦ ≤ γ ≤ 97◦, although more recent theoretical analyses [25, 26]
would question this conclusion. Here, we stress that, from our results in Fig.
4, we can see that, in this new so-called preferred region, except for the small
region 86.6◦ ≤ γ ≤ 92.7◦, the penguin shift is bounded in magnitude by a
factor of 2 relative to the actual value of sin(2γ) so that, as we have a ∼ 15%
accurate knowledge of this shift, we still may use our results in the Appendix
to radiatively correct this pollution out of sin(2γ) to the ∼ 30% accurate level,
allowing again a 3σ measurement of sin(2γ). The use of this technique to make
fundamental tests of the SM is well-known [27].
The BR’s in Table 1, which remain qualitatively similar to their values
shown here under the variations of parameters just considered, however tend
to indicate that the required luminosity would be more appropriate to hadron
machines than to an e+e− annihilation B-factory. We note that the results
in Table 1 are somewhat lower than the general range of similar results in
Refs. [15,16]. For example, our highest values for the BR just reach the lowest
values in latter references. The recent and upcoming measurements of rare B
processes can then already discriminate among various models of these pro-
cesses on the basis of decay rates alone. To illustrate this,we note that in
Ref. [3] we used our methods to compute the range
1.87× 10−6(g2s(m2B)/g2s(m2B)|Λ(5)
QCD
=0.1GeV
)2(fBd/0.136GeV)
2
≤ BR(B¯d → π+π−) ≤
2.63× 10−6(g2s(m2B)/g2s(m2B)|Λ(5)
QCD
=0.1GeV
)2(fBd/0.136GeV)
2.
(6)
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We note that, according to Ref. [28], the current two-loop value of Λ
(5)
QCD is
237+26−24MeV and according to Ref. [29] the best value of
√
2fBd is now 210 ±
30MeV so that we have the estimate
(g2s(m
2
B)/g
2
s(m
2
B)|Λ(5)
QCD
=0.1GeV
)2(fB/0.136GeV)
2 ∼= 1.70. (7)
This means that our result in Eq.(6) is consistent with the recent CLEO re-
sult [30] BR(B¯d → π+π−) = 4.7+1.8−1.5 ± 0.6 × 10−6. Nonetheless, even if we
allow the entire range which we and the authors in Refs. [15, 16] find for
BR(B¯s → ρKS), we are led to suggest that the B-factory of the SLAC-
LBL/KEK type should focus its attention on other possible roads to γ. Oth-
ers [1] have reached a similar conclusion.
Finally, we stress that we have found that the assumption of colour sup-
pression (factorisation) does not appear to work very well in our calculations.
This is consistent with the results in Refs. [31, 32] on the analysis of the data
on the processes B → Ψ/J K(∗). We will take up the corresponding analysis
with our methods elsewhere [19].
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Appendix
In this Appendix, we record for completeness the amplitude which we have
evaluated from Figs. 1-3. Specifically, following the usual Feynman rules and
the prescription given in Ref. [4], as already illustrated in Ref. [3], we get the
amplitude
M(B¯s → ρKS) = (2π)
4δ(PB¯s − Pρ − PKS)
2mB2Eρ2EKS(2π)
9/2
(
AT e
−iφT eiδT +
∑
j
APje
−iφPj eiδPj
)
,
(A.1)
where the “would-be tree level” contribution to the amplitude is, from Figs. 1
and 2, given by
AT e
−iφT eiδT =
∫
d[y]d[w]Tr
[fKφKγ5( 6PKS +mKS)√
2
√
2
(−iGF a2VubV ∗ud)√
2
mρfρ 6ǫ∗(Pρ)(1− γ5)
i
6Pb− 6q −mb + iǫ (−igsλ
cγα)
aBφBγ5( 6PB −mB)√
2Nc
(−igsλcγα)
+ (−igsλcγα) fKφKγ5( 6PKS +mKS)√
2
√
2
(−igsλcγα) i6Pd+ 6q −md + iǫ
(−iGFa2VubV ∗ud)√
2
mρfρ 6ǫ∗(Pρ)(1− γ5)aBφBγ5( 6PB −mB)√
2Nc
]
(−i)
q2
+ rce
∫
d[z]
[
Tr{(−igsλcγα) fKφKγ5( 6PKS +mKS)√
2
√
2
(−iGFa2VubV ∗ud)√
2
λeγµ(1− γ5)aBφBγ5( 6PB −mB)√
2Nc
}
(fρφρ 6ǫ∗(Pρ)mρ√
2
√
2
(−igsλcγα) i6Pu+ 6q −mu + iǫλ
eγµ(1− γ5)
+
i
− 6Pu¯− 6q −mu + iǫ (−igsλ
cγα)
fρφρ 6ǫ∗(Pρ)mρ√
2
√
2
λeγµ(1− γ5)
)](−i)
q2

(A.2)
where contribution of Fig. 2 is (not) included for rce = 1(0) and where
fKφK√
2
√
2
=
fK√
2
√
2
φK(y1, y2),
fρ√
2
√
2
φρ =
fρ√
2
√
2
φρ(z1, z2) and
aB√
2Nc
φB =
aB√
2Nc
φB(w1, w2) are
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the Lepage-Brodsky distribution amplitudes —
φK(y1, y2) = y1y2 (1 + 3β
′
K(y2 − y1)), φρ(z1, z2) = z1z2 (1.348− 1.74z1 + 1.74z21),
and φB(w1, w2) = δ(w2 − x2) are as indicated in the text above with x2 =
(mcs − (mcs +mcb −mB)mcb/(mcs +mcb)) following the treatment of heavy mesons
suggested by Ref. [4] based on non-relativistic potential model considera-
tions for example. Here, the constituent quark masses are taken as [22]
mcs
∼= 0.51GeV and mcb ∼= 5.1GeV, so that x2 ∼= 0.0542 when we take mB ∼=
5.369GeV, as we should according to Ref. [10]. From Ref. [3] we have aB =
fB/
√
12 where fB is the B decay constant. Here, PA is the 4-momentum
of A for all A and, when a parton-type occurs in two external wave func-
tions a prime is used to distinguish the two 4-momenta in an obvious way.
To be precise, let us list these internal parton momenta as follows for Fig.
1 : P+b = x1mB, P
−
b = (m
2
b + Q
2
⊥(B))/(x1mB), ~Pb⊥ = ~Q⊥(B), P
+
s¯ =
x2mB, P
−
s¯ = (m
2
s + Q
2
⊥(B))/(x2mB), ~Ps¯⊥ = −~Q⊥(B), Q2⊥(B) = x1x2m2B −
x2m
2
b−x1m2s, P+d = y1(EK+PKz), P−d = (m2d+Q2⊥(K))/(y1(EK+PKz)), ~Pd⊥ =
~Q⊥(K), P
′+
s¯ = y2(EK + PKz), P
′−
s¯ = (m
2
s + Q
2
⊥(K))/(y2(EK + PKz)), ~P
′
s¯⊥ =
−~Q⊥(K), Q2⊥(K) = y1y2m2K − y2m2d− y1m2s, where we always work to leading
order in Q2⊥/m
2
B for all Q⊥, and where we use the usual light-cone notation
with EK = P
0
K and and PKz = P
3
K so that P
±
K = P
0
K ± P 3K , etc. The λe
are the QCD colour matrices generating the vector representation carried by
the quarks so that gs is the QCD coupling constant. Thus, Eq.(A.2) illus-
trates explicitly how the Feynman diagrams in Figs. 1-3 are evaluated for
readers unfamiliar with the methods we used in Ref. [3], for example. The
standard trace and integration manipulations, taking into account the defini-
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tion [4] [dx] ≡ dx1dx2δ(1− x1 − x2), then lead from Eq.(A.2) to the result
AT e
−iφT eiδT =
−iGF√
2
F (V ∗udVub/CF )(a2/
√
2)(PCMSm
2
B/Q
2)
[I21 (mB − 2(mK +mb) +mKmb/mB)
+ I22
(
2(mK −EK) +m2K/mB
)
+ (x2mB − 2(x2EK + x1mK) +md +mK(mK −md)/mB) (0.291/D2)
+ (−4C1
√
2rce/(mBa2))((0.291(−m2B +m2K
+m2ρ)/(2m
2
B))(1.348aˆ1 − 3.088aˆ2 + 3.48aˆ3 − 1.74aˆ4)
− (0.166666m2ρ/m2B)(−0.253bˆ0 + 2.758bˆ1 − 2.505bˆ2))]
(A.3)
where the various mathematical symbols are defined below. Continuing in this
way, using the entirely similar methods, we find that the penguin graphs in
Fig. 3 correspond to the contributions to the amplitude in Eq.(A.1) given by
AP1e
−iφP1eiδP1 =
−iGF√
2
F {(mBPCMS/Q2)αP (a)I31m2B[
(
x2 − 2(x2EK + x1mK)/mB +m2K/m2B
)
/D2
+
(
1− 2(mb +mK)/mB +mKmb/m2B
)
I21/0.291 + (−1 + 2mK/mB +m2ρ/m2B)I22/0.291]
+ (PceaαP (a)|g + PcebαP (a))rcep}
AP2e
−iφP2eiδP2 =
−iGF√
2
F (mBPCMS/Q2)αP (b)[
(
mbm
2
ρ(x2mB/2−mK)/D2
)
I33
+
(
mbmKx1(m
2
ρ −m2K) +mbmB((1 +
3
2
x1 − x21)m2K − x2m2B + (1−
1
2
x1)x2m
2
ρ)
)
I32/D2
+
(
mbm
3
Bx1 −
1
2
x1m
2
bm
2
B − 4x1mbm2BEK(1−
mb
2mB
) + 3x1mbm
2
BmK(
1
2
− mb
mB
)
)
I32I21/0.291
+
(
3x1mbmBm
2
K − x1mbmK(m2B +
1
2
m2K −−
1
2
m2ρ)
)
I32I22/0.291
−mbm2ρmB(1−mb/(2mB))I33I21/0.291
+ (mbmKm
2
ρ/0.582)I33I22].
(A.4)
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In Eqs.(A.2)-(A.4), the following definitions have been used:
F = fKfρaBC2Fg2s
√
3
Q2 = ((EK + PCMS)/(2mB))(x1m
2
B −m2b +m2s)
I21 = (−0.253/m2B)ℓ21 + (2.505/m2B)ℓ22
I22 = (−0.253/m2B)ℓ22 + (2.505/m2B)ℓ23, for
ℓ21 = 0.403041− 2.202003i
ℓ22 = −0.3794583− 0.6585764i
ℓ23 = −0.5097241− 0.1969674i,
I31 = 0.0485
I32 = (0.291/.3)(0.195517/m
2
B − 0.064303i/m2B)
I33 = (0.291/.3)(0.132055/m
2
B − 0.0608173i/m2B)
D2 = m
2
b +m
2
ρ − (Eρ + PCMS)x1mB − (Eρ − PCMS)(x2mB +m2b/mB)−m2d
aˆ1 = −1.0− x2ln(x1/x2)− x2πi
aˆ2 = −0.5− x2 − x22 ln(x1/x2)− x22πi
aˆ3 = −1/3− x2/2− x22 + x32 ln(x1/x2)− x32πi
aˆ4 = −0.25(x41 − x42)− (4/3)(x31 + x32)x2
− 3x22(x21 − x22)− 4x32 − x42 ln(x1/x2)− x42πi
bˆ0 = − ln(x1/x2)− πi
bˆ1 = aˆ1
bˆ2 = aˆ2
αP
(a)|g = αs
2π
V ∗jdVjb

[
1
12
(
1
xj − 1
)
+
12
13
(
1
xj − 1
)2
− 1
2
(
1
xj − 1
)3]
xj
+
[
2
3
(
1
xj − 1
)
+
(
2
3
(
1
xj − 1
)2
− 5
6
(
1
xj − 1
)3
+
1
2
(
1
xj − 1
)4)
xj
]
ln xj

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αP
(a) = αP
(a)|g + αem
8πs2WCF
− s2W 1627V ∗cdVcb ln(xu/xc)
+ V ∗tdVtb{−4
(
3x2t ln(xt)/(4(xt − 1)2) + xt/4− 3xt/(4(xt − 1))
)
− 2 (5xt/(2(xt − 1))) (1− ln(xt)/(xt − 1))− 2|Vtd|2{−3x3t ln(xt)/(2(xt − 1)3)
− xt(0.25− 9/(4(xt − 1))− 3/(2(xt − 1)2))}+ (4s2W/3)(0.641− xt(7/(3(xt − 1))
+ 13/(12(xt − 1)2)− 1/(2(xt − 1)3))− xt ln(xt)(1/(6(xt − 1))− 35/(12(xt − 1)2)
− 5/(6(xt − 1)3) + 1/(2(xt − 1)4)) + (2/3)2 ln(xu))− (xt/2− 3/(4(xt − 1))
+ 3(2x2t − xt) ln(xt)/(4(xt − 1)2)− 0.75)}

xj = m
2
j/M
2
W , j = u, c, t,
αP
(b) =
−αs
2π
V ∗tdVtb(−0.195) +
αem
6πCF
V ∗tdVtb
0.641 + xt{1/(2(xt − 1))
+ 9/(4(xt − 1)2) + 3/(2(xt − 1)3)} − 3x3t ln(xt)/(2(xt − 1)4)

Pcea = (CG/CF )(mBPCMS/(4xc2dbkdbp))
icp00{(−1
2
+ 4x1)m
2
K + (6− 4x1)m2ρ
− 3x1m2B − 11x1mKmB +
1
2
(m2s −m2d)}+ icp10{5m2B − 5m2ρ − 6mBmK}
+ icp01{5
2
m2B −
3
2
m2ρ +
3
2
m2K}+ (2m2B/dbr)[x1idp00{(x1mB +mK)EK − (2− x2)m2B
− Pρ · PK − x2mBmK + 4mKEρ +
m2ρ
x1
(1− 2mK/mB)−m2d(
1
2
+
2
x1
(1− 2mK/mB)) + 1
2
(m2K +m
2
s)}
+ idp01{2EρEK + 2Pρ · PK(x1 −mK/(2mB)) +mKEρ(1− 5x1 − 3
2
mK
mB
) + 2x1mBEρ− Eρ
2mB
m2s
− 2m2ρ(x2 +
m2ρ
2x1m2B
− Eρ
mB
) + (
2m2ρ
x1m2B
+
Eρ
2mB
)m2d} − x1idp10{2mBEK(1−
3mK
2mB
) +m2K}
+ 2idp11{Pρ · PK(1− EK
mB
− 3mK
2mB
) + EKEρ +
m2K
2mB
Eρ}+ Eρ
mB
idp02{m2K −m2B + (
x2
x1
− 1)m2ρ}
− 2 m
2
ρ
x1m2B
idp12Pρ · PK ]

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dbk = m
2
B +m
2
K −m2ρ
dbp = m
2
B −m2K −m2ρ
dbr = m
2
B +m
2
ρ −m2K
xc2 = 2Q
2/dbk
icp00 = 0.529
icp10 = 0.529(1− rβ)/2
icp01 = δa/3 + δb/4 + δc/5, where
rβ = 0.418
δa = 1.348
δb = −1.74
δc = 1.74
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idp00 = δairdp1(z0) + δbirdp2(z0) + δcirdp3(z0)
idp01 = δairdp2(z0) + δbirdp3(z0) + δcirdp4(z0)
idp10 = (δairdp1(z0) + δbirdp2(z0) + δcirdp3(z0))(1− rβ)/2 = idp00(1− rβ)/2
idp02 = δairdp3(z0) + δbirdp4(z0) + δcirdp5(z0)
idp11 = (δairdp2(z0) + δbirdp3(z0) + δcirdp4(z0))(1− rβ)/2 = idp01(1− rβ)/2
idp12 = (δairdp3(z0) + δbirdp4(z0) + δcirdp5(z0))(1− rβ)/2 = idp02(1− rβ)/2, where
irdp1(z) = −1− z ln((1− z)/z)− πzi
irdp2(z) = −.5− z − z2 ln((1− z)/z)− πz2i
irdp3(z) = −((1− z)3 + z3)/3− 3z((1− z)2 − z2)/2− 3z2 − z3 ln((1− z)/z)− πz3i
irdp4(z) = −((1− z)4 − z4)/4− 4z((1 − z)3 + z3)/3− 3z2((1− z)2 − z2)
− 4z3 − z4 ln((1− z)/z) − πz4i
irdp5(z) = −((1− z)5 + z5)/5− 5z((1− z)4 − z4)/4− 10z2((1− z)3 + z3)/3
− 5z3((1− z)2 − z2)− 5z4 − z5 ln((1− z)/z) − πz5i, for
z0 = m
2
b/(x1dbr)
Pceb = ((1− .5CG/CF )(mBPCMS)/(2Q2))(−1 + rβ){δairdp1(x1) + (δb − δa)irdp2(x1)
+ (δc − δb)irdp3(x1)− δcirdp4(x1)},
(A.5)
where the kinematics is the usual two-body decay one: mB = EK +Eρ, EK =
dbk/(2mB), PCMS =
√
∆(m2B, m
2
K , m
2
ρ)/(2mB) for ∆(x, y, z) = x
2 + y2 + z2 −
2xy − 2xz − 2yz, so that the decay width itself is given by
Γ(B¯ → ρKS) = |M|2PCMS/(8πm2B)
(A.6)
Here, CG = 3, CF = 4/3 and we have used the values [23] mu(1GeV) ∼=
5.0MeV, md(1GeV) ∼= 8.9MeV, ms(1GeV) ∼= .175GeV, mc(mc) ∼= 1.3GeV,
mb(mb) ∼= 4.5GeV, and mt(mt) ∼= 176GeV. We take s2W = sin2 θW ∼= 0.2315,
where θW is the usual weak mixing angle; and, αem is the QED fine structure
constsnt. We note further that we use an average value of the square of the
momentum transfer to the would-be spectator in Figs. 1-3 to get g2s
∼= 3.72
in F above; the analogous average for the square of the momentum transfer
through the penguin yields αs ∼= .25 in the evaluation of coefficients α(i)P above.
Thus, in both cases, we see that the momentum transfers are large enough that
they are well into the perturbative regime where the methods of Ref. [4] apply.
This completes our appendix.
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